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Effects of Education

Abstract
This paper examines the relationship between gender income inequality and educational
attainment level with reference to the United States (US). The population under
consideration is divided into several groups based on their educational levels. Then
gender income inequalities are calculated under each educational level. The total
educational effect is shown to be composed of three effects. By measuring these effects,
it is found that like past studies, more education reduces gender income inequality, but
not in every case. Moreover, this paper explores the relative size of each of the
component effects within the educational effect.
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Effects of Education on Gender Income Inequality in the United States
Introduction
Since income inequality is still a serious social and economic problem in modem
society, studies continue to proliferate. Income inequality characterizes not only
individuals, but also groups. Based on different grouping criteria, we observe family
income inequality, race income inequality and gender income inequality, among others.
Most early studies focus on individual income inequality and family income inequality
because they reflect an every day concern in people's lives and economic development of
their nation. These studies find that as education increases income inequality falls. The
common explanation is that people with lower education have lower income.
Gender income inequality also needs people's attention. But the existing literature
about gender income inequality, especially education and gender income inequality is
sparse. There are a few articles studying the relationship between educational attainment
and the gender wage gap. They find that more education reduces the gender wage gap.
But the absolute wage gap does not represent income inequality.
None of the early studies attempt to analyze the mechanism of the educational
effect, which explains how educational attainment reduces gender income inequality. The
objective of this paper is to analyze the relationship between educational attainment and
gender income inequality and to explain the mechanism of the educational effect as well.
We all know that there are many factors that influence income inequality, but education
is one labor characteristic that can be improved easily. If we understand the means by
which education reduces gender income inequality, it will provide a way to alleviate
gender income inequality.
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This paper is constructed as follows: The first section is a literature review of past
studies on this topic. The second section discusses gender income inequality measures. In
this part, I will discuss alternative measures for gender income inequality. The third
section is the main part. It will explore the relationship between gender income inequality
and education. I will break down the "education effect" into several sub-effects to show
how each influences gender income inequality and to estimate their relative size. The
fourth section will draw conclusions. In the fifth section, I will improve my analysis and
indicate what should be done in the future studies.
Literature Review
Dutta (2005) examines the structure of wage inequality for two groups of adult
men: regular workers and casual workers. He finds that education is one of the most
important factors that narrow wage inequality between these two groups, although its
impact has fallen. For casual workers, education serves to widen inequality but only a
very small proportion of these workers is educated beyond primary school. The author
suggests that expanding education through greater access would be a desirable strategy to
reduce wage disparities.
Gender wage gap is the focus of many scholars such as the scholars Christie and
Shannon (2001), and Montgomery and Powell (2003). They examine the relationship
between educational attainment and gender wage gap. Christie and Shannon (2001) use
detailed data on education from the Canadian Census and find that differences in
educational attainment do not explain the entire wage gap. They find that differences in
field of study are more helpful. So they suggest that allowing for greater educational
detail in educational attainment does help explain the variation in wages. Montgomery
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and Powell (2003) narrow their focus to only GMAT takers, and they compare the gender
wage gap for holders of an advanced degree with the gap for those with only a college
education. They find that women who have an MBA degree face less wage
discrimination than women who do not. Thus, achieving an MBA reduces the wage gap
between women and men.
However, gender wage gap is only an absolute numerical value. It does not truly
reflect gender income inequality. Mukhopadhaya (2001) tries to improve this measure.
He traces employment trends by gender in different industries, occupational groups and
educational levels in Singapore. In this article, he not only measures the gender wage gap
under different educational levels, but also measures the between male-female income
inequality under different educational levels. He uses Theil's Coefficient 1 (Theil, 1967)
to measure between-group male-female income inequality. He finds that increased female
educational attainment reduces the gender wage gap and between group male-female
inequality.
By using individual-level observations from the New Zealand Income Survey,
Papps and Bonn (2004) evaluate the change in both income and earnings inequality for
men and women. Papps and Bonn decompose the total change in inequality into a portion
explained by changes in the measured characteristics of the population, a portion
explained by changes in the returns to these characteristics, and a residual portion that is
unexplained by either of these attributes. They find income inequality, as measured by
the variance of the logarithm of income, increased by 16% among men and 7% among
women between 1998 and 2003. The major source of increase in income inequality is the
1

Theil's Coefficient: T

=..!_I~ log~
n

i=l

y

income and mean income respectively.

y

, where n denotes the population size, Y; andy represent individual's
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residual unexplained portion. However, the increased among-female income inequality
can be attributed to changes in the educational composition and the returns to post-school
qualifications. They also find that there was a significant reduction in between-gender
inequality between 1998 and 2003 due to change in the returns to education.
There are fewer studies about the effects of education on gender income
inequality. This paper explores this relationship. The measure for gender income
inequality I use is Generalized Entropy class GE(1) discussed below, because it has an
advantage in measuring between group inequality (Cowell, 1995). Unlike past research, I
use mathematical and graphical analysis of data, instead of statistical analysis. This kind
of approach is more direct and clearer. It also overcomes in part the shortage of available
data. An important difference of this paper is it tries to explore the mechanism by which
education affects gender income inequality and tries to measure how much each
component of the educational effect contributes to the gender income inequality. None of
the former studies ever did this. The 2002 dataset I used comes from Bureau of Labor
Statistics (Bureau of Labor Statistics, 2003).
Measuring Gender Income Inequality
Gender Income Inequality Measure
According to the World Bank, a good income inequality measure should satisfy
five criteria: The Pigou-Dalton (PD) Transfer Principle, the Population Principle, the
Relative Income Principle, the Anonymity Principle, and the Decomposition Principle
(Cowell, 1995; Ray, 1998).
1. The Pigou-Dalton Transfer Principle.
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Consider two distributions of income. If one distribution can be achieved by
the other through a series of regressive transfers, then this distribution
represents a greater degree of inequality. Regressive transfer means an
income transfer from a poorer person to a richer person. The P-D principle
implies that an income transfer from a poorer person to a richer person
should raise (or at least not lower) the income inequality, and vice versa.
2. Population Principle
An income inequality measure should be invariant to the size of population:
merging two identical distributions should not change the income inequality.
3. Relative Income Principle
An income inequality measure should depend only on relative and not
absolute income.
4. Anonymity Principle
This principle sometimes is also called "Symmetry" principle. It requires that
an income inequality measure be dependent only on income and not on other
characteristics of the population.
5. Decomposability Principle.
Finally, overall income inequality should be a composition of its constituent
parts. Thus if the income inequality of a sub-group increases, overall
inequality should also increase.
Any measure that satisfies all of these principles is called a Generalized Entropy
(GE) measure (Cowell, 1995). In addition to GE measures, there are several other
measures of income inequality, such as those included in the Dalton's index, Atkinson
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class of measures, Theil's entropy measure and the Gini coefficient. Unlike other income
inequality measures, the GE class partitions total income inequality into two mutually
exclusive parts: within-group income inequality (I w) and between-group income
inequality (lb ). I= Iw + Ib. This decomposition provides a useful tool to analyze income
inequality of the sub-groups of the population, such as male-female income inequality in
this study. The GE inequality measure ranges from 0 to infinity, with 0 representing
equality. Thus the greater the GE, the greater the income inequality of the population.
In the GE class of measures, the between-group inequality can be generally
expressed as: (Cowell, 1995)

(1)

This expression divides the total population into k groups and the between-group
inequality, Ib, is measured by the mean income of each group yj, the mean income of
total population y , and the population share of each group fj . The parameter a is
assigned to the measure by the researcher. It represents the sensitivity of the between
group inequality Ib to the change of its component parts. The more positive a is, the
more sensitive GE is to income differences among the rich; the more negative a is, the
more sensitive GE is to income differences among the poor in the income distribution.
The commonest values of

a

used are 0, 1, and 2. GE(O) gives more weight to the poor;

GE(l) gives equal weights across the distribution; and GE(2) gives more weight to the
rich groups. For example, when two Lorenz curves intersect, using Gini Coefficient could
not help to distinguish which one is more unequal. However, the GE index with larger a
will rank the one with less share in the upper tail of distribution as more unequal, and the
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GE index with smaller a will rank the one with less share in the lower tail of distribution
as more unequal. With L'Hopital's rule 2 , GE(O) and GE(1) can be written as: (Cowell,
1995)
k

GE(O)

= L fj log
j=l

GE(1)

= f,
~ fj

a* 0

Y

(2)

yj

y
...!. log-::fy
y

Y·

j=t

For any

-

(3)

or 1, we use equation (1).

If the population is divided into two groups: male and female, then the gender

income inequality can be regarded as a kind of between-group inequality. From the
equations above, we get the GE measure for gender income inequality with parameter 0,
1, and 2 respectively.

y
y
GE(O) = fm log=+ ! 1 log=
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y

(6)

where subscripts m and

f

denote male and female respectively.

Gender Income Inequality in the United States
Because the GE measure has an advantage in measuring between-group inequality,
I will use this measure to analyze gender income inequality. Actually this measure is
2

Define C is a finite number or infinite number. If lim f(x)
x-+c

. (x ) =oo, I'tm-(-)
j(x)
j'(x)
I1mg
= 1"liD--;--().

x~c

x~c

g x

x~c

g x

=0

and lim g(x)
x-+c

=0, or

lim f(x)
x-+c

=oo and
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widely used in studies about income inequality, like studies ofVanderpuye-Orgle, J.
(2002) and Dutta, P.V. (2005).
Using GE measures with different

a s, I obtain the three gender income

inequality lines shown above for the United States between 1999 and 2003. Although the
values for Gender Income Inequality (Gil) are different, GE(O), GE(l) and GE(2) show
the same trend in gender income inequality. The series exhibits big drops in 2001 and
2003. Also, considering that the value of GE ranges from 0 to infinity, gender income
inequality in the U.S. seems very low. In GE(l) and GE(2), the gender income inequality
in 2003 even dropped to nearly 0. This may be attributed to the improvement in women's
status in the labor market.
Figure 1
Gender Income Inequality (Gil) in the U.S.
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...... 0.04
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Note: Data comes from Annual Demographic Survey 2000, 2001, 2002, 2003 and 2004, U.S.
Census Bureau.

In the following analysis, I will use GE(1) to measure gender income inequality.
This will give both male and female groups the same weight in the measure.
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Gender Income Inequality and Education
Most early studies provide evidence supporting the idea that more education
reduces income inequality. Typically, higher educational attainment should lower income
inequality. This statement has been verified by many past studies (Bowlus & Robin (2001)
and Dutta (2005)). Several studies show that when it comes to the gender income
inequality or gender earning difference, that more education reduces income inequality is
also true (Christie & Shannon (2001), Montgomery & Powell (2003) and Mukhopadhaya
(2001)). However, no one tries to explain why this relationship exists or how education
accomplishes this.
When considering the relationship between gender income inequality and
education, it is very useful to divide the population into several groups according to their
educational attainment. My method is to use 9 educationallevels 3 based on the Current
Population Survey conducted by U.S. Census Bureau. I regard each educational level as
an independent population. Thereby I obtain 9 non-interchangeable groups. Under each
group, there are two sub-groups: male and female. Then I calculate the gender income
inequality for each educational level. By considering income inequality from one of these
groups to the next, it is possible to observe what I call a Level Effect from education on
income inequality.
In the dynamic decomposition of income inequality, changes in the between-

group income inequality can be divided into two components: "income effect", an effect
due to changes in relative mean incomes between the subgroups, and "allocation effect",

3 The education levels from low to high are: less than 9'h grade, 9'h to 12th non-gradate, H.S. graduate, some college
with no degree, associate degree, bachelor's degree, master's degree, professional degree, and doctorate degree.
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an effect due to changes in the size of the subgroups4 . Thus gender income inequality for
each of the educational group levels can be changed through either an "income effect" or
an "allocation effect". Based on this idea, I find that there are three types of educational
effects that together make up or cause the Level Effect (or the total effect) of education
mentioned above.
The first type of educational effect I call a Degree Participation Effect. Under
each educational attainment level, males and females have different degree participation
rates, which influences gender income and thus gender income equality or inequality. For
example, 10% of the women and 13% men achieved bachelor's degree as their highest
educational level; thus under category "bachelor's degree", the female to male degree
participation rate ratio is 10%/13% =0.77. If there were no Degree Participation Effect
from education, both sexes would have the same proportion of their gender achieving that
educational level and the participation ratio would be one. Apparently, the Degree
Participation Effect is a kind of "allocation effect".
I call the second educational effect a Return Effect. This kind of effect comes
from the difference of private income returns to education for males and females. Almost
in every country, the private returns to education for males and females are different. The
reason may be the differences in their occupations, differences in their physical condition,
discrimination or differences in experience, among other things. Although males and
females may reach the same level of education, different returns lead to gender income
inequality. The Return Effect works through changing the relative mean incomes for
males and females, so it is an "income effect".

4

Source: www.worldbank.org
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Compared to the above two effects from education, the third one is not directly
from education. I call it an Induced Effect. Induced effects come from any changes of
other factors induced by change in educational attainment level. For example, if gender
discrimination is alleviated as women's educational attainment levels increase, gender
income inequality will be reduced. Here, reduced gender discrimination is induced by
increased educational attainment level. Thus, education affects gender income inequality
in an indirect way.
The Reality of Educational Effects on Gender Income Inequality
In this part, I will show how each of the three educational effects relates to gender
income inequality. The sources of data are the 2003 Current Population Survey and the
2003 Annual Demographic Survey conducted by U.S. Census Bureau. The gender
income inequality is measured by GE(l) based on equation (5). A mathematical
appendix provides a detailed development of the measured effects.

Level Effect
Previous studies show that more education reduces gender income inequality.
This means that as the educational level increases, we should see lower gender income
inequality values. As mentioned above, I divide the population into nine groups based on
their educational level and calculate the gender income inequality for each educational
level. To reveal the Level Effect of education, I plot the relationship between gender
income inequality and educational level. The result is shown in the following graph.
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Figure 2
Gender income inequality and education
0.07
0.06
0.05
....... 0.04
.......
tJ 0.03
0.02
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Note: Data comes from Table PINC-03 in Annual Demographic Survey 2003, U.S. Census
Bureau.

Theoretically, we should see a negatively sloped line as the educational level
increases, but this graph does not reveal the expected trend. The gender income
inequality line looks like waves as the educational attainment level increases. Does this
mean that this observed relationship is not the real relationship between gender income
inequality and educational level? I need a more accurate method to find the relationship.
The best way is to sum up the other three educational effects to get the Level Effect and
see how gender income inequality relates to education. This will be done in the next
section.

Degree Participation Effect
The Degree Participation Effect is a kind of "allocation effect".lt affects gender
income inequality by changing relative population share between males and females in
that educational level. In reality, females and males have different degree participation

14
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rates under each educational attainment level. Although today women are receiving more
education, they still are under-represented in some higher degrees, such as professional or
doctorate degrees. This find is also verified by the National Center for Educational
Statistics in their "Trends in Educational Equity of Girls & Women: 2004" report.
The data presented in this publication demonstrate that in elementary and secondary
school and in college, females are now doing as well as or better than males on
many indicators of achievement and educational attainment, and that large gaps that
once existed between males and females have been eliminated in most cases and
have significantly decreased in other cases. Women are still underrepresented in
some fields of study, as well as more generally in doctoral and first-professional
degree programs, although they have made substantial gains in the past 30 years.
These differences may have labor market consequences. (NCES, 2004, p.l-2)
Female to male degree participation rate ratios for different educational levels are
shown in Figure 3 below. In this graph, it is clear that women have similar or even higher
educational attainment compared to men in most of the lower educational levels. But in
categories "professional" and "doctorate", the female to male degree participation rate
ratio drops below 0.5. Thus in these two categories, gender income inequality may appear
higher. To be specific, for GE(l), as long as the mean income of men is higher than the
mean income of women (and in this case it is true for all the educational levels), the
lower the female to male degree participation rate ratio, the larger gender income
5

inequality, and vice versa • Compared with the gender income inequality in Figure 2, the
Degree Participation Effect seems to impact on almost all the categories, except "9thIih" and "doctorate".
5

See Appendix: part one.
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Figure 3
Female to male degree participation rate ratio line
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Note: Data comes from Table PINC-03 in Annual Demographic Survey 2003, U.S. Census
Bureau.

Return Effect
Anticipated wage influences people's decision of whether or not to invest into
more education. Generally speaking, higher educational attainment brings higher wage
income. Figure 4 exhibits three facts:
1. Both men and women with higher educational attainment have higher wage
income.
2. Under each educational level, females always earn lower wages and salaries
than males do.
3. The wage gap between male and female increases gradually but not
proportionally as educational level increases.

16
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Figure 4
Wage difference
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Note: Data comes from Table 14 in Current Population Survey 2003, U.S. Census Bureau.

Why does this happen? There are at least three possible reasons: different areas of
concentration in education, discrimination, and work experience. According to NCES
(2004), gender differences in college persist, with females still predominant in relatively
lower paying fields like education or sociology and males more likely to earn degrees in
engineering, physics, and computer science. In 2001, the percentage of bachelor's
degrees conferred to females in health professions and related sciences was 84%,
psychology 78%, education 77% and accounting 61%. But in more technically oriented
fields, the proportion of females to males is small. For example, the percentage of
bachelor's degree conferred to females in engineering is 19.9%, and computer and
information sciences 27.7%. Apparently, degrees in female-majority fields lead to lower
paying occupations than degrees in more technically oriented male dominated fields.
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The second factor that may cause the wage differences between genders is
discrimination. We cannot deny even in the most developed countries, discrimination still
exists in the labor market. It is clear that males often have higher wages than their female
peers, even in the same position, and with the same educational attainment and
experience. This trend exists in every educational attainment level, especially at the
professional degree level. A good example is for 2003-2004 season, the top salary in the
National Basketball Association is Kevin Garnett at $28,000,000, while the top salary in
the Women's National Basketball Association is $87,000, only 0.31% ofthe former. 6
Table 1
Work experience of population by sex and full- and part-time status

Total (% of population)

1970
1975
1980
1985
1990
1995
2000
2001

women
52.7
53.8
57.7
59.4
62.1
62.8
64
63

men
84.3
81.7
80.1
78.8
78.7
76.8
77.2
76.1

With work experience
Full-time(% of with work
experience)
women
men
67.9
87.6
67.1
87.5
67.7
87.2
68.1
86.5
69.8
86.4
70.2
86.2
72.9
87.5
72.9
87.4

Part-time(% of with work
experience)
women
men
32.2
12.4
32.8
12.5
12.8
32.3
13.5
31.8
30.2
13.5
29.7
13.9
12.6
27.1
27.1
12.4

Notes: Data comes from Table 18 in Annual Social and Economic Supplements, 1971-2002,
Current Population Survey, U.S. Census Bureau.

Work experience is another factor that we cannot ignore. Generally speaking, men
have more work experience than women. Almost in every country, when a family needs
somebody to stay at home to take care of housework and children, women are always the
first to be considered. It is a social issue and also a cultural issue. When housewives are
trying to find a new job, lack of work experience reduces their wage level. The above

6

Source: www.insidehoops.com
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table shows us work experience of population by sex and full- and part-time status. After
comparing these numbers, there is little wonder why women earn less than men.
Since the returns to education for males and females are different, how does this
fact influence gender income inequality? The following graph gives us a clear Return
Effect when compared with Figure 2.
Fugure 5
Female to male wage ratio line
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Note: Data comes from Table 14 in Current Population Survey 2003, U.S. Census Bureau.

For GE(l ), as long as the mean income of male is kept higher than the mean
income of female, the higher the female to male wage ratio, the lower gender income
inequality, and vice versa7 • Since for each educational level, males always have higher
mean income than females, we should expect a negative relationship between female to
male wage ratio and gender income inequality. Thus when the wage ratio increases, the
corresponding gender income inequality drops, and when the wage ratio drops, gender
income inequality should increase. After comparing this figure with Figure 2, I find that

7

See Appendix: part two.
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Return Effect works on all the other education categories, except "9th-12th", "college,
n.d." and "master". This may imply that in some educational levels, the impact of this
effect is offset by other educational effects.

Education-induced Effects
Education not only influences gender income inequality directly, but may also
have indirect effects. The most noticeable example is discrimination and employment.
Because discrimination is not a quantitative variable, I would analyze employment as an
example of the education-induced variable. The following table shows us the comparison
of the 2002 employment rates by sexes and educational attainment.
Table 2
Employment rate by educational attainment
Less than

Gradate

9 grade

Associate

Bachelor's

Master's

Professional

Doctorate

Degree

Degree

Degree

Degree

Degree

Female

44.9%

66.3%

72.9%

76.3%

80%

80.8%

82%

Male

69.8%

81%

84.7%

89.8%

88.8%

92.4%

92.2%

Notes: Data comes from Table 8 in Current Population Survey 2003, U.S. Census Bureau.
Employment rate is calculated by dividing total employed by total civilian non-institutional
population.

The employment rate has a strong relationship with education. People with higher
educational attainment have higher employment rates. It is true for both men and women.
Education-induced employment can be regarded as these higher employment rates as
education increases, just like the increasing employment rate in Table 2. It should be
noted that employment rate is calculated as percent of population, so the increased
employment rate may be due to the increased labor force share of population or the
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decreased unemployment rate, which is calculated as percent of labor force. At this point,
we cannot deduce an Education-induced Unemployment Effect from Education-induced
Employment Effect directly. The former one could be analyzed in a future study.
Apparently, education-induced employment has a different impact on the two genders.
This difference is a source of gender income inequality associated with education. So it is
very important to compare the two effects. For each educational attainment level, I take
the female to male employment rate ratio to help me isolate the relative effect on the two
genders. If the ratio remains constant, education attainment does not affect gender income
inequality. But if the ratio changes, there is an employment effect of education. The
following graph shows the changing of gender employment rate ratio associated with
education.
Figure 6
Female to male employment rate ratio line
1
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E o.1
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0 0.2
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'+::i

0

educational level

Notes: Data comes from Table 8 in Current Population Survey 2003, U.S. Census Bureau.
Employment rate is calculated by dividing total employed by total civilian non-institutional
population.
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Like the other two effects, when the mean income of males is greater than the
mean income of females, the greater the female to male employment rate ratio, the lower
gender income inequality, and vice versa8 • When the ratio increases, women enjoy a
better situation in the labor market. Their relative income would increase and gender
income inequality would fall. Compared with Figure 2, this graph shows that the
Education-induced Employment Effect works through all educational levels and has a
strong impact on the gender income inequality.
How Large Are the Effects?
Since I partitioned educational effects into participation, return and educationinduced employment effects on gender income inequality, it is of interest to compare the
relative size of the sub-effects and to determine which effect dominates at each
educational level. To compare the relative size of these effects, it is necessary to restate
the gender income inequality function measured by GE(l).

GE(l) = fm

~ log ~ + f 1 ~ log ~
y

y

y

y

(5)

where,
(7)

(8)

To calculate gender income inequality for each educational level, I will use a subscript

i (i

8

= 1,2,3 ... 9)

for each variable to represent educational level. In equations (7) and (8),

See Appendix: part three.
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denote males and females

respectively.
In equation (5), the factors through which the three sub-effects affect gender
income inequality are apparent. The Degree Participation Effect influences gender
income inequality through a change in the degree participation rate of males or females in
an educational level.
9

Pmi

= Nmi t"z.JNmi

(9)

i=l

or
9

Pfi =Nfl(LNfl

(10)

i=l

This is the Degree Participation Effect factor. The Return Effect influences gender
income inequality through a change in the mean wage of males or females.
(11)

or
(12)

where S denotes earnings other than "wage and salary" income, and E denotes
employment rate. W is measured as the mean weekly income of employed full-time
workers. This is the Return Effect factor. The Education-induced Employment Effect
influences gender income inequality through the employment rates of females or males.
(13)

or
(14)
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This is the Education-induced Employment Effect factor.
To estimate each of these educational effects, it is essential to answer two
questions: how much the factor changes with the effect, and how gender income
inequality is affected because of the change of that factor. For the Degree Participation
Effect, for example, it is necessary to estimate the influence of education on degree
participation rates and the impact of degree participation rates on gender income
inequality and then multiply them together. To estimate the effect of education on degree
participation rates, I will calculate what the degree participation rate would be with and
without the degree and then subtract. For the relative impact of a change in degree
participation rates on gender income inequality, I take partial derivatives of income
inequality with respect to the degree participation rate. By multiplying the two, I obtain
an estimate of Degree Participation Effect of education on gender income inequality.
A similar procedure is followed for the Return Effect and the Education-induced
Employment Effect. As a final step, I will add the Degree Participation Effect, the Return
Effect, and the Education-induced Employment Effect to obtain the Level Effect.
In what follows, I make the following assumptions:
1. Except the Level Effect, each effect is independent of the others so that a

change in one would not cause a change in one of the others.
2. Due to lack of data, the mean wage earnings and the median wage earnings are
assumed equal. Typically, the mean wage is higher than the median wage. I
will discuss the impact of this assumption later.
3. Both "income effect" and "allocation effect" discussed in the literature change
the relative incomes or population sizes of the genders. Since the measures
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are relative to the other gender, it does not matter whether the change is
observed from the female side or the male side. I show the impact of a
change on the female side.

Measuring the Degree Participation Effect
As stated above, the Degree Participation Effect is a kind of "allocation effect",
which works on gender income inequality through changes in the relative size of gender
subgroups at every educational level. Put equations (7) and (8) into equation (5) to get the
following equation for income inequality or GE expressed in terms of the number of
males N m and the number of females N 1 at each educational level i.

(15)

Since all the changes are assumed to be from a female side, change in gender
income inequality caused by change in women's degree participation rate ( p fi) for
educational level i could be expressed as the partial derivative of GE with respect to p fi.
()GE.

()GE.

dNfi

dp fi

()N fi

dp fi

--'=--'*--

(16)

9

Because p fi = N fi I ~ N fi ,
i=l

()Nfi- ~
- - - .L....Nfi

dp fi

And from equation (15),

i=l

(17)
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Combining (17) and (18), the change in gender income inequality caused by change in
women's degree participation rate for educational level i would be

(19)

If there is no Degree Participation Effect, men and women should have the same

population distribution for all educational levels. This means under each educational
attainment level, both sexes would have the same proportion of their gender achieving
that educational level. Thus, the assumed degree participation rate of females without the

Degree Participation Effect for each educational level should equal the degree
participation rate of males in the same educational level. So the change in the degree
participation rate of female with the presence of Degree Participation Effect,

f¥J fi in

each educational level would be

Nmi

(20)

9

LNmi
i=l

i=l

The measured Degree Participation Effect (D.P.E.) is the product of (19) and (20) as
below:

dGE; *An
D.P.E.=-d- ~fi
'Pfi

9Nmi )
LNmi
i=l

9

See Appendix: equation (5) in part one.

i=l

(21)
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As Figure 7 shows, it measures the changes in gender income inequality with the
presence of the Degree Participation Effect. A positive Gil in the graph means increases
in gender income inequality, and negative Gil means decreases in gender income
inequality under the Degree Participation Effect.
Figure 7
Degree Participation Effect
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Notes: Data comes from Table PINC-03 in Annual Demographic Survey 2003, U.S. Census
Bureau.

Because men have absolute advantage in achieving some higher educational
levels like the "master", "professional", and "doctorate" levels, it is apparent there are big
changes in the last two categories in the graph. This implies that in these categories
females have very low degree participation rates compared to males. This unequal
participation in higher education worsens gender income inequality. The following table
shows the comparison of degree participation rates of women with and without the

Degree Participation Effect.
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Table 3
Female degree participation rate with and without Degree Participation Effect

pfi
I

pfi

9th

9th12th

H.S.
Grad.

0.064

0.086

0.068

0.091

As so.

Bachelor

Master

Professional

Doc.

Total

0.331

College,
no
degree
0.172

0.091

0.175

0.065

0.010

0.007

1

0.309

0.171

0.072

0.185

0.066

0.021

0.017

1

( Pmi)
Notes: Data comes from Table PINC-03 in Annual Demographic Survey 2003, U.S. Census
Bureau.

p fi is the female degree participation rate with Degree Participation Effect and p fi' is the
female degree participation rate without Degree Participation Effect at educational level i .

As stated in the former section, as long as the mean income of females is less than
the mean income of males, any increase in female degree participation rate will reduce
gender income inequality. The table above confirms the mechanism of the Degree
1

Participation Effect: female degree participation rate changes from p fi (it equals to Pm;)

to p fi . Except categories "H.S. graduate", "college, no degree", and "associate", all the
other educational levels experience a decrease in female degree participation rate. This
explains the shape of graph in Figure 7.

Measuring the Return Effect
As a major part of income, "wage and salary" have a direct and strong impact on
income inequality. Any change in "wage and salary" would cause an "income effect".
Rewriting equation (5) into a form of total income rather than mean income to get
equation (22).
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where,
(23)
In the equation above, S denotes earnings other than "wage and salary" income,
and E denotes employment rate. W is measured as the mean weekly income of employed
full-time workers. Thus, change in gender income inequality caused by change in
women's weekly income for educational level i can be expressed as the partial derivative
of GE with respect to Wfi .
dGE
dGE. dy fi
I=--'*-=

awfi

ay fi

awfi

(24)

From equation (23) and equation (22), I obtained the following partial derivatives
respectively,
(25)

Then, put (25) and (26) into (24), the change in gender income inequality caused by
change in women's weekly income for educational level i will be:

(27)

10
11

See Appendix: equation (10) in part two.
See Appendix: equation (11) in part two.
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If there were no Return Effect, a fixed gender wage ratio would be held no matter

what educational level they attained. It is convenient to consider that there is a "natural"
female to male wage ratio because except educational attainment, there exists other
factors that affect gender wage ratio. I assume that the gender wage ratio in the lowest
educational level is the "natural" wage ratio. Using it as a benchmark, the Return Effect
would cause a change in Wfi , and the change would be

(28)

Then the estimated Return Effect (R.E.) is the product of equations (27) and (28).

(29)

Figure 8
Return Effect
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Notes: Data come from Table PINC-03 in Annual Demographic Survey 2003, and Table 8 Table
14 in Current Population Survey 2003, U.S. Census Bureau.
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In the following analysis, the number of educational levels I use decreases from
nine to seven because of lack of data 12 . Shown in Figure 8, the Return Effect changes the
relative wage income of women compared to men, and thus changes the relative income
of women. Positive Gil in the above graph means that gender income inequality increases,
and negative means gender income inequality decreases under the Return Effect. Figure 8
indicates that education increases gender income inequality through the Return Effect.
Table 4 shows the data from which the Return Effect was calculated.
Table 4
Female to male wage ratio with and without the Return Effect
9m
wi

0.79

H.S.
Graduate
0.75

w'

0.79

0.79

Associate

Bachelor

Master

Professional

Doctorate

0.76

0.75

0.75

0.73

0.79

0.79

0.79

0.79

0.79

0.79

I

Notes: Data comes from Table 14 in Current Population Survey 2003, U.S. Census Bureau.

wi is the female to male wage ratio with the Return Effect and wi ' is the female to male
wage ratio without the Return Effect at educational level

i.

Under the Return Effect, female to male wage ratio for each educational level
changes from wi' to wi . As stated in the former section, as long as the mean income of
males is kept higher than the mean income of females, any increase in female's wage will
cause a decrease in gender income inequality, and vice versa. In Table 4, except the
lowest (benchmark) and the highest educational levels, all the other levels experience a
decrease in female's wage with the presence of the Return Effect. This explains why
gender income inequality worsens in most of the educational levels in Figure 8.
12
The education levels from low to high are: less than 9th grade, H.S. graduate, associate degree, bachelor's degree,
master's degree, professional degree, and doctorate degree.
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Measuring the Education-induced Employment Effect
The employment rate affects gender income inequality by changing the size of
population in each sub-group whose earnings make up total income. Thus, it is a kind of
"income effect". Change in gender income inequality caused by change in employment
rate (E) for educational level i can be expressed as the partial derivative of GE with
respect to Efi .
acE
_
_, =acE
- - ' *ayfi
--

aEfi

ayfi aEfi

(30)

*52* N

(31)

From equation (23), it is apparent that

()y fi
aE
fi

=W

fi

fi

Substituting (31) and (26) into (30), the following is obtained

(32)

Equation (32) measures the change in gender income inequality caused by the
change in the women's employment rate. The employment rate is changed by education
when educational attainment increases. If there were no Education-induced Employment
Effect, the gender employment rate ratio would be held at a fixed level through all
educational levels. However, that fixed level would not be one because there exists other
factors that affect the gender employment rate ratio other than educational level. It is
convenient to think of a "natural" gender employment rate ratio and I assume the gender
employment rate ratio in the lowest educational level is the "natural" ratio. Thus as
previously, the change in women's employment rate for every educational level would be
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(33)

Em!

Multiply the partial derivative in (32) and the change in employment rate of women in
(33), I obtain the estimated Education-induced Employment Effect (E.E.E.).
E •E •E • = aaEi
aEfi

*

A "D

I.J.IJ

=52WN
fi fi (

fi

Ym;
logyfi(E _Ef 1 *E.)
)2
fi E
m1
Ymi + Yfi
Ymi
ml

(34)

Figure 9 shows a visible version.
Figure 9
Education-induced Employment Effect
0
-0.005

§
.5
0

bJ)

-0.01
-0.015

§

..<::
0

-0.02
-0.025
-0.03
educational level

Notes: Data come from Table PINC-03 in Annual Demographic Survey 2003, and Table 8 Table
14 in Current Population Survey 2003, U.S. Census Bureau.

The Education-induced Employment Effect changes the relative population size of
women who contribute to the women's total income, and this change in the population
size also changes the relative income of women. Positive Gil in the above graph means
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increases in gender income inequality, and negative means decreases in gender income
inequality under the Education-induced Employment Effect. It is clear in Figure 9 that
gender income inequality is reduced by the Education-induced Employment Effect for
each educational level.
The following table confirms this. Under the Education-induced Employment
Effect, female to male employment rate ratio for each educational level changes from ei'

to ei . Because I assume all the changes are on female side, the changes in this ratio
reflect the changes on female's employment rate. As stated in the former section, as long
as the mean income of males is greater than the mean income of females, the higher
female's employment rate, the lower gender income inequality, and vice versa. In Table 5,
except the lowest (benchmark) educational level, all the other levels experience an
increase in female's employment rate from the Education-induced Employment Effect.
This explains why gender income inequality falls in all of the educational levels in Figure
9.
Table 5
Female to male employment rate ratio with and without the Education-induced Employment Effect

9th

ei

0.64

H.S.
Graduate
0.82

ei '

0.64

0.64

Associate

Bachelor

Master

Professional

Doctorate

0.86

0.85

0.90

0.87

0.89

0.64

0.64

0.64

0.64

0.64

Notes: Data comes from Table 8 in Current Population Survey 2003, U.S. Census Bureau.

ei is the female to male employment rate ratio with Education-induced Employment Effect
and

ei' is the female to male employment rate ratio without Education-induced

Employment Effect at educational level

i.
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Measuring the Level Effect
As stated above, the Level Effect is the sum of all the other three effects. The
literature suggests that it should show the negative relationship between gender income
inequality and educational attainment level. People believe that higher educational
attainment level would lower gender income inequality. To verify this, I would like to
add the former three effects together to obtain the Level Effect and see whether it has a
negative slope. Positive Gil in the following graph means increases in gender income
inequality, and negative means decreases in gender income inequality under the Level
Effect.
Figure 10
Level Effect
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Notes: Data comes from the results in equations (21 ), (29) and (34).

Making the lowest educational level "less than 9th" as the benchmark, Figure 10
shows that increases in educational attainment does lower the value of Gil from the
benchmark level consistently. But we are expect a negatively sloped line, which would
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indicate that the higher the educational level, the larger the reduction in gender income
inequality. However, I find that the reduction of gender income inequality is not
proportionate with the educational level. For categories "bachelor", "professional", and
"doctorate", the reduction of gender income inequality is smaller than at previous levels.
In order to see which effect dominates the changes in gender income inequality under
each educational level, I put them into Table 6 for comparison.
Table 6
Comparison of the effects
9m
PE

6.97£-06

RE

0

EEE

0

LE

6.97£-06

H.S.
Graduate
-7.6£-06
(0.035%)
0.0046
(21.19%)
-0.0171
(78.77%)
-0.0125

Associate

Bachelor

Master

Professional

Doctorate

-2.3£-05
(0.09%)
0.003
(12.14%)
-0.0217
(87.77%)
-0.0187

7.04£-06
(0.03%)
0.0041
(15.64%)
-0.0221
(84.33%)
-0.0180

2.37£-06
(0.01%)
0.0042
(15%)
-0.0238
(84.99%)
-0.0196

1.4£-04
(0.45%)
0.00695
(22.35%)
-0.0240
(77.2%)
-0.0169

1.05£-04
(0.73%)
9.82£-06
(0.07%)
-0.0143
(99.2%)
-0.0142

Notes: Data comes from the results in Figure 7, Figure 8, Figure 9 and Figure 10.
PE, RE, EEE, and LE represent Degree Participation Effect, Return Effect, Educationinduced Employment Effect and Level Effect respectively.
Number in the parenthesis indicates the percentage contribution to the Level Effect (total
effect).

In Table 6, positive number indicates an increase in gender income inequality
under educational effects, and negative number indicates a decrease. From this
comparison, it is clear that the Degree Participation Effect has a relatively small impact
on gender income inequality. Only in categories "H.S. graduate" and "associate", the
Degree Participation Effect helps to reduce gender income inequality because only in
these two categories, women have higher degree participation rate than men. But in the
higher education categories such as "professional" and "doctorate", men still have
absolute advantage. An increase in the women's degree participation rate at these levels
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could help to lower gender income inequality a small amount. The Return Effect has
moderate influence on gender income inequality. But since women have lower wages
compared to men, this fact does not become better off when higher educational level
achieved. So if education could raise female to male wage ratio, it will help reduce
gender income inequality a lot. This table also shows that the Education-induced
Employment Effect has a huge impact on gender income inequality. The reason is that the
female to male employment rate ratio increases as higher educational level achieved.
However, if Figure 10 exhibits educational effects on gender income inequality,
why it is different with Figure 2? There must exist other factors that affect gender income
inequality other than educational levels. And the graph in Figure 2 just shows us the
observed relationship between educational level and gender income inequality. To isolate
the effects from other factors I need to subtract Level Effect from the observed
relationship. I get the following Figure 11, which shows us a comparison of relationship
between educational levels and gender income inequality with and without Level Effect.
Figure 11
Education Effects on Gil

G

0.1
0.08
0.06
0.04
0.02
0

educational level
-+-Gil with education effects - G i l without education effects

Notes: Data comes from Table PINC-03 in Annual Demographic Survey 2003, and Table 8 Table
14 in Current Population Survey 2003, U.S. Census Bureau.
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The new gender income inequality series without the Level Effect is calculated by
the old series subtract the Level Effect, which is the sum of the other three effects.
Without those educational effects, gender income inequality still does not hold constant
at the value of the lowest educational level. This implies that other factors that influence
gender income inequality, such as personal characteristics and discrimination, might be
related to the educational attainment levels as well. These factors may include an
Education-induced Discrimination Effect and other education-related effects.
Conclusions
Early studies like those of Mukhopadhaya, P. (2001), Montgomery, M. & Powell,
I. (2003), Christie, P. & Shannon, M. (2001) and Papps, K. & Bonn, I. (2004) find a
negative relationship between educational attainment and gender income disparities or
inequality. In this paper, I divided the whole population into 9 levels or groups based on
educational attainment. Each group is regarded as a dependent population, and the gender
income inequality within each group is calculated. When I put them together (Figure 2) I
did not get a negatively sloped relationship between gender income inequalities and
different levels of educational attainment. Does it indicate that this relationship does not
exist?
I broke down the total educational effect (called Level Effect) into three parts:
Degree Participation Effect, Return Effect and Education-induced Employment Effect.
Each of them works through one variable in the gender income inequality function
(Equation (5)). It is clear that any change in these variables (effects) would result in a
change in gender income inequality. In order to grasp the how they function and how
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much each of them contributes to the total educational effect, I isolate each of them and
get their impact on gender income.
By isolating those effects, I find that the Degree Participation Effect has a weak
influence on gender income inequality. Women's relatively lower degree participation
rates increase gender income inequality in most of the educational levels. Thus, raising
women's degree participation rates in those levels could lower gender income inequality
a small amount. The Return Effect, however, has a moderate impact on gender income
inequality although it increases gender income inequality. Females do not fair as well as
men in their wage income as educational level increases. So raising women's wage
income could be an efficient way to reduce gender income inequality. The Educationinduced Employment Effect has the largest influence on gender income inequality. It is
the major reason that gender income inequality improves as educational level increases.
The total measure, Level Effect should give us the big picture of the relationship
between gender income inequality and educational attainment level. When I sum up all
the three effects, I found that education reduces income inequality, especially in the lower
educational levels. However, the reduction of gender income inequality is not
proportionate with the educational levels. In categories "Bachelor", "Professional", and
"Doctorate", the reduction of gender income inequality is even a little smaller than the
reduction in the previous level. At this point it became clear that the relationship between
gender income inequality and educational attainment that the Level Effect gave me in
Figure 10 is not identical to the observed relationship in Figure 2. This implies that there
must be other factors than education, which influence gender income inequality, but those
factors might be related to educational attainment as well. Thus, when I subtracted the
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educational effects from the observed gender income inequality for each educational
level, I found an unexplained residual attributable to other causes than education. And the
real relationship between gender income inequality and educational attainment level
should be the negatively sloped line in Figure 10. This confirms the conclusion in early
studies.
Another contribution in this paper is to identify the relative contribution of each
of the three effects in the education effects. The Degree Participation Effect has weakest
influence on gender income inequality for all of the educational levels. Its contribution to
the total effect for all of the educational levels is below 1%. However, because women
have lower degree participation rates in middle and higher educational levels, raising
their degree participation rates for these levels could help lower gender income inequality
to some extent. The Return Effect has moderate impact on gender income inequality,
except in category "Doctorate". Women's lower wage income in most educational levels
increases gender income inequality. So increasing women's wage income in these
educational levels could reduce gender income inequality a lot. The Education-induced
Employment Effect has a major impact. Its contribution to the total educational effect on
gender income inequality exceeds 75% at all levels. At educational level "Doctorate", the
contribution of this effect is 99%.
Through this analysis, I find generally a negative relationship between gender
income inequality and educational attainment level. What's more, in addition to these
measurable educational effects, there are some immeasurable educational effects, such as
discrimination. Thus, the decomposition of the total educational effect not only shows us
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the mechanisms of how it works, but also gives us an idea on how to improve gender
income inequality by education.
Some Improvements and Future Work
Looking back to the assumptions I have made when I measured these educational
effects, because of shortage in available data, I used the median wage to substitute for the
mean wage. If data is available, this could be corrected in a future study to get more
accurate conclusion. Here I want to estimate the bias caused by this assumption.
Mean wage is used to measure the Return Effect and the Education-induced Effect.
From the former section, the Return Effect is expressed as equation (29), and the
Education-induced Employment Effect is expressed as equation (34). Typically, mean
wage is higher than median wage. So if we use mean wage instead, we could get a higher
value of

~Wfi

in equation (28) and a higher value of aGE in equation (30) 13 • Therefore,
Eft

a

the Return Effect and the Education-induced Employment Effect, and then Level Effect
would become larger than what I have estimated by using the median wage. Since mean
wage is not a factor in the Degree Participation Effect, this substitution would not affect
it. However, because Level Effect becomes larger, the contribution of the Degree
Participation Effect would become less.
I also want to predict the trend of the educational effects. The dataset I used is
from year 2002. So this is only a static analysis. It would be very useful if we made it a
dynamic analysis. To predict the trend of these effects, I assume:
1. The same population growth rate ( n ) for males and females.
2. The same growth rate of mean wage ( w) for males and females.
13

See Appendix: part four.
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3. The same growth rate of mean non-wage & salary income ( s ) for males and
females. These non-wage & salary income includes subsidies, heritage, rent
etc., so typically s is less than w.
4. The same growth rate of mean income (g) for males and females. Because

y =W + S and s < w, g

should be less than w and greater than s . 14

5. Since employment rate is influenced by many reasons such as economic and
political reasons, I just assume it would not change at all.
Under these assumptions, when we move from time t to time t + 1 , the Degree
Participation Effect would hold constant, the Return Effect and the Education-induced
Employment Effect would become larger. 15 However, since the Return Effect and the
Education-induced Employment Effect have opposite impact on gender income inequality

as educational level increases and the latter one contributes more, the Level Effect would
become larger.
These two estimates give us more realistic and clearer concept of educational
effects on gender income inequality. However, these improvements have limitations
because they are based on assumptions, some of which may not hold in the real world.
Thus, a time series analysis may be a better method to conduct this research if data is
available. What's more, in future works, it would be very helpful to get the immeasurable
educational effects shown as the "new Gil'' line in Figure 11. These immeasurable
educational effects may include Education-induced Discrimination Effect and other
education-related effects.

14
15

See Appendix: part five.
See Appendix: part six.
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Appendix
Part one
The impact of the degree participation rate of female to gender income inequality
can be expressed by the partial derivative of GE with respect to the degree participation
rate of female:
i)GE

i)GE

i1N

dpf

i)NJ

dpf

1
--=--*--

(1)

Because
(2)

(3)

From

N
Y m log Y~ +
NJ
Y1
Y1
-=-log--=-'
Nm+NJ y
y
Nm+NJ y
y

GE(l)

_

____;m:..:...__

(4)

where N denote population and subscript m and f denote males and females respectively,
it is easy to obtain
i)GE

=

=

N
(Nm

m

+ N J)

2

Y1
Y1 y
y
(-=-lOg-=-- ~log ~)
y

y

y

(5)

y

So,

(6)

,
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- Y1
Y
dGE
As we know, y 1 < y < Ym, so log~< 0 and log _::: > 0. Then--< 0 as long as
y
y
~~
y 1 < y < y m • That means the lower the degree participation rate of females (also the
lower the female to male degree participation rate ratio), the higher gender income
inequality, and vice versa.
Part Two
The impact of the mean wage income of female to gender income inequality can
be expressed by the partial derivative of GE with respect to the mean wage income of
female:

dGE
aw1

= dGE * dy 1
ay 1

(7)

aw1

Because
(8)

where W1 , E 1 , S 1 denote mean wage income, employment rate, and non-wage income of
female respectively,

(9)

And from
GE(l) =

=

=

Nm
Ym
Nm+N! y

log~+
y

N!
YJ log }j
Nm+N! y
y

Y m log( Y m I
Nm ) +
Yf
log( 21._ I
Nf
Ym+Yt
Y Nm+NJ
Ym+Yt
Y Nm+N!

)

(10)
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we can obtain
i:JGE= -ym (•)+ Ym (Ym+Yf
2
dyf
(ym+YJ)
Ym+Yf
Ym

+

*

y
y +y
Ym
(..)+
f ( m f
2
(ym+yJ)
Ym+Yf
Yf

-ym )
2
(ym+yJ)
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m )
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2
2
2
(ym +yJ)
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(Ym +yJ)
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Ym 2 [(log YJ -log/1 )-(log Ym -logfm)]
(y m+ Yf)
Ym+ Y f
Ym+ Y f

(11)

So

(12)

Y
iJGE
Because y 1 < y m , log 1 < 0 , and then --=- < 0. It means that the higher the mean
Ym
dW1
wage of female (also the higher the female to male wage ratio), the lower gender income
inequality, and vice versa, as long as y 1 < y m

•

Part Three

The impact of the employment rate of female to gender income inequality can be
expressed by the partial derivative of GE with respect to the employment rate of female:
(13)

Because
(14)

----"'
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Multiply equations (11) and (15),

(16)

as long as y 1 < y m • It means that the higher the employment rate of female (also the
higher the female to male employment rate ratio), the lower gender income inequality,
and vice versa, as long as y 1 < y m

•

Part Four
Assume the difference between the mean wage and the median wage is equally
proportionate with the median wage for both men and women. That is W'

= (1 + d)W

for

both men and female, where W is the median wage I used, W' is the actual mean wage,
and d measures the ratio of the difference to the median wage. d is the same for both
men and women. If I use the real mean wage instead, equation (27) in the text will
become

--,

-, -, w --,
AWfi= wfi ' *W.

Ll.

fl

m1

wml
(l+d)W11
=(l+d)Wfi*(l+d)Wmi
(l+d)Wml

(17)

and equation (30) in the text will become
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Part Five
In timet+ 1,

= (1 + w)W, + (1 + s)S,

Yr+l = W,+l + S,+l

.

(19)

Also it can also be written as
(20)

So
(l+w)W, +(1+s)S, =(1+g)W, +(1+g)S, => wW, +sS, = gW, +gS,.

(21)

Because w > s , s < g < w.
Part Six
If we move from time t to time t + 1, the Degree Participation Effect will be:
[(1+n)INfi]
(12+n)Nmi
2
i=l
(1 + n) ( N mi + N fi)
(

(1+g)yfi
(1+g)y;
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(l+n~Nmi )
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i=l

(22)

i=l

i=l

It is the same as equation (21) in the text. Then the Degree Participation Effect will hold
constant.
The Return Effect will be:
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(1+w)W11
(1+w)Wml
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*(l+w)WmJ

y
w
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2log fi W+w)Wfi- fl *(1+w)WmJ
(1+g)(ymi+yfi)
Ymi
Wml
y

(23)

and because g < w , compared with equation (29) in the text, the Return Effect will
become larger.
The Education-induced Employment Effect will be:
(1 +n)(l+ g)ymi
*
fi (l+n)\1+ g)2(Ymi + yfi)2
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(24)

Compared with equation (34) in the text, the Education-induced Employment Effect will
become much larger.
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